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INTRODUCTION
The natural polyamines are aliphatic molecules widely dis-
tributed in prokaryotic and eukaryotic cells (1) and spermine,
spermidine and putrescine their precursor, are natural con-
stituents of eukaryotic cells. Putrescine is formed by decar-
boxylation of amino acid ornithine, and then converted to
spermidine and spermine after condensation with amino-
propyl groups derived from S-adenosyl-L-methionine. In
addition to endogenous synthesis, polyamines can easily be
obtained from many kinds of food (2). They are readily taken
up by the gut and then enter the systemic circulation (3).
Actually, all cells possess a transport system for the uptake
of polyamines and its activation is known to depend on cell
surface proteoglycans (4). There are reports that polyamines
may act on both sides of membrane. Therefore, polyamines
are expected to play certain roles in cellular processes.
It was suggested that polyamines are associated with grow-
th, cell differentiation and proliferation in prokaryotic and
eukaryotic cells (5). However, it has also been reported that
polyamine content vary during cell cycle, increase in cancer
(6), and decrease with aging (2). The intracellular concentra-
tions of polyamines are in the millimolar ranges. But there
are considerable differences among cells and tissues. These
differences of intracellular concentrations also seems to imply
multiple role of polyamines in cellular events, both physio-
logical and pathological. Polyamines were found in different
types of muscles and were shown to affect membrane excita-
bility and motility (7-9). Generally, polyamines inhibited
smooth muscle contractions (10-13): For example, spermine
caused relaxation of vascular smooth muscles of guinea-pig
in vitro and decreased vascular resistance in dog (14), and it
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Effects of Polyamines on Contractility of Guinea-Pig Gastric Smooth
Muscle
This study was designed to investigate the effects of polyamines on mechanical con-
traction and voltage-dependent calcium current (VDCC) of guinea-pig gastric smooth
muscle. Mechanical contraction and calcium channel current (IBa) were recorded by
isometric tension recording and whole-cell patch clamp technique. Spermine, sper-
midine and putrescine inhibited spontaneous contraction of the gastric smooth mus-
cle in a concentration-dependent manner. Spermine (2 mM) reduced high K
+ (50
mM)-induced contraction to 16± ±6.4% of the control (n=9), and significantly inhib-
ited IBa in a reversible manner (p<0.05; IC50=0.8 mM). Pre- and post-treatment of
tissue with spermine (2-5 mM, n=10) also inhibited acetylcholine (10  M)-induced
phasic contraction to 5± ±6.4% of the control. Inhibitory effect of spermine on IBa was
observed at a wide range of test potentials of current/voltage (I/V) relationship (p<
0.05), and steady-state activation of IBa was shifted to the right by spermine (p<0.05).
Spermidine and putrescine (1 mM each) also inhibited IBa to 51± ±5.7% and 81± ±
5.3% of the control, respectively. And putrescine (1 mM) inhibited IBa at whole test-
ed potentials (p<0.05) without significant change of kinetics (p<0.05). Finally, 5 mM
putrescine also inhibited high K
+-induced contraction to 53± ±7.1% of the control
(n=4). These findings suggest that polyamines inhibit contractions of guinea-pig
gastric smooth muscle via inhibition of VDCC.
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also inhibited spontaneous contractions of rat uterus (11) and
small intestine (15). Administration of polyamines into gas-
trointestinal (GI) tract was found to inhibit GI motility,
resulting in the inhibition of gastric emptying in vivo (16).
Besides, ingestion of polyamines inhibited gastric ulcer (17)
and stimulated maturation of intestine in rats (18).
Hashimoto et al. (11) showed that increase of the extracellu-
lar concentration of Ca2+ counteracts the relaxation induced
by spermine in uterus, suggesting that spermine interferes
with the entry of Ca2+ through the cell membrane. In addi-
tion, the effects of spermine on intracellular Ca2+ and contrac-
tile force in intact intestinal smooth muscle were found to
be strongly dependent on the degree of depolarization of the
cell membrane. In their experiments, spontaneous contrac-
tions and contractions elicited by a moderately elevated K+
were potently inhibited by spermine but those by high con-
centration (120 mM) of K+ were hardly affected (13, 19).
These results raise a possibility that the most plausible under-
lying mechanism by which spermine and spermidine relax
smooth muscle is the inhibition of voltage-dependent Ca2+
channel (VDCC). In fact, polyamines have been proposed as
natural calcium antagonists (14), and modulators of calcium
channel conductance (20).
Dihydropyridine-sensitive voltage-dependent ‘L-type’ Ca2+
channels (VDCCL) have been described in most excitable
tissues, including guinea-pig gastric circular myocyte (18,
21), and VDCCL are known to play a central role in the reg-
ulation of intracellular Ca2+ ([Ca2+]i) in smooth muscles (22).
VDCCL of GI smooth muscles are essential prerequisite for
the generation of spontaneous contraction and agonist induced
contraction such as acetylcholine (ACh) (23, 24). Generally,
VDCCL in smooth muscles are regulated by numerous hu-
moral factors like various neurotransmitters as well as mecha-
nical stretch (cytoskeleton) and related cytosolic factors (25,
26). Particularly, neuropeptide and neurotransmitters such
as ACh and norepinephrine (NE) are well known to regulate
Ca2+ current of smooth muscle, including GI smooth mus-
cle (25, 27, 28). Effects of polyamines on the regulation of
VDCCL have been reported inhibitory in small intestine.
However, physiological activities of GI tract are very differ-
ent, depending on the site (29, 30). For example, major func-
tion of stomach is storage and grinding of food, and that of
small intestine absorption of nutrients. Accordingly patterns
of motilities of two organs are absolutely different, implying
that complicated mechanisms are involved in the regulation
of each part of GI motility. Therefore, the identification of
regulatory factors of VDCC in each part of GI tract and elu-
cidation of its mechanism appear to be important. This study
was undertaken to elucidate the role of polyamines in gastric
antral contraction, especially the relationship between regu-
lation of VDCCL and gastric antral contraction by polyamines
in guinea-pig gastric antral smooth muscle.
MATERIALS AND METHODS
Preparation of cells
Guinea-pigs of either sex, weighing 300-350 g, were exsan-
guinated after stunning. The antral portion of stomach was
cut, and the mucosal layer was separated from the muscle
layers in Ca2+-free physiological salt solution (Ca2+-free PSS).
The circular muscle layer was dissected from the longitudi-
nal layer using fine scissors and made into small segments
(2×3 mm). These segments were incubated in Ca2+-free PSS
for 30 min at 4℃, and they were then incubated for 15-25
min at 35℃ in the digestion medium containing 0.1% col-
lagenase (Wako Pure Chemicals, Osaka, Japan), 0.05% dithio-
threitol, 0.1% trypsin inhibitor and 0.2% bovine serum albu-
min. After the digestion, the supernatant was discarded, and
the softened muscle segments were transferred into modified
Kraft-Bruhe (K-B) medium (31) and single cells were then
dispersed by gentle agitation with a wide-bore glass pipette.
Isolated gastric myocytes were kept in K-B medium at 4℃
until use. All experiments were carried out within 8 hr of
harvesting cells and performed at room temperature. 
Whole-cell voltage clamp
Isolated cells were transferred to a small chamber on the
stage of an inverted microscope (IMT-2, Olympus, Japan).
The chamber was perfused with PSS (2-3 mL/min). Glass
pipettes with a resistance of 2-5 M were used to make a
giga seal of 5-10 G . Standard patch clamp techniques were
used (32). An axopatch-1C patch-clamp amplifier (Axon ins-
truments, CA, U.S.A.) was used to record membrane currents,
and command pulses were applied by using IBM-compatible
AT computer and pClamp software v.5.5.1. The data were
displayed on a digital oscilloscope and a computer monitor.
Preparation of muscle strips 
Vertical (25 mL) chambers were used for the mechanical
experiment. For the measurement of mechanical contractions,
muscle strips (5×10 mm) from the antral tissue with circu-
lar direction were prepared in isometric contractile measur-
ing system. In this system, one end of tissue was tied tightly
to fixed holder and the other side was also linked by hook
type of holder to force transducer (Harvard, Massachusetts,
U.S.A.). The external solutions were changed with solutions
which had previously been incubated (bubbled with 5% CO2/
95% O2, 36℃) in water bath before application. All experi-
ments were performed in the presence of a muscarinic recep-
tor antagonist (1  M atropine, ATR), adrenoceptor antago-
nists (1  M phentolamine and 1  M propranolol) as well as
nerve blocker (1  M tetrodotoxin, TTX) to elucidate the direct
effect of polyamines on guinea-pig gastric smooth muscle. 
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Solution and drugs
Ca2+-PSS, containing (in mM): NaCl 135, KCl 5, CaCl2
1.8, MgCl2 1, glucose 10, and HEPES (N-[2-hydroxyethyl]
piperazine-N′ -[2-ethanesulphonic acid]) 10, was adjusted to
pH 7.4 with NaOH. Modified K-B solution, containing (mM)
L-glutamate 50, KCl 50, taurine 20, KH2PO4 20, MgCl2 3,
glucose 10, HEPES 10, ethylene glycol-bis (2-aminoethyl
ether- N,N,N′ ,N′ -tetraacetic acid (EGTA) 0.5, was adjusted
to pH 7.4 with KOH. Pipette solution, containing (mM)
CsCl 110, TEA 20, EGTA 10, HEPES10, Na2ATP 3, MgCl2
3.5, was adjusted to pH 7.3 with TRIZMA or CsOH. CO2/
bicarbonate-buffered Tyrode solution contained (in mM) NaCl
122, KCl 4.7, MgCl21, CaCl22, NaHCO315, KH2PO40.93,
and glucose 11 (pH 7.3-7.4, bubbled with 5% CO2/95%
O2). Equimolar concentration of Na+ was replaced by K+ for
making high K+ (50 mM) solution. All drugs used in this
study were purchased from Sigma (St. Louis, MO, U.S.A.).
Statistics
Changes of relative contraction by polyamines were ana-
lyzed by measuring the amplitude of spontaneous contrac-
tion in the presence and absence of polyamines. In the case
of high K+ contraction, the amplitude of sustained contrac-
tion produced by high K+ (50 mM) in the presence of polya-
mines was compared to that of high K+ (50 mM) alone. The
data are expressed as means±SEM. Statistical significance
was estimated by paired and unpaired Student’s t-test. p<0.05
was considered to be statistically significant. 
RESULTS
Relaxation effect of polyamines on spontaneous contrac-
tion of guinea-pig gastric antral smooth muscle
Fig. 1 shows structures of the endogenous polyamines put-
rescine, spermidine and spermine. Effect of spermine and
putrescine on isometric contraction of guinea-pig gastric an-
tral smooth muscle was studied in the presence of nerve block-
ers (see Material and Methods). As shown in Fig. 2A, sper-
mine inhibited spontaneous contraction of the muscle in a
concentration-dependent and reversible manner. However,
the frequency of contraction was not significantly changed
(p>0.05). The spontaneous contractions were reduced to 81±
3.0, 69±4.1, 49±4.9, 36±4.6, 26±3.1, and 7±2.4%
of the control at 0.1, 0.2, 0.5, 1, 2, and 5 mM of spermine,
respectively (n=8, 10, 10, 11, 15, and 8, respectively). How-
ever, 10-7 and 2×10-5 M spermine did not show inhibitory
effect. IC50 of inhibition of contraction was 0.6±0.05 mM
(Fig. 2B). In Fig. 2C, effects of putrescine on the spontaneous
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Fig. 1. Structures of the endogenous polyamines. The structures
of polyamines putrescine, spermidine and spermine are shown
in A-C.
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Fig. 2. Effect of polyamines on spontaneous contraction in guinea-
pig gastric smooth muscle. Effects of spermine and putrescine
on isometric contraction were studied by using vertical chamber
system. Spermine produces relaxation in a concentration-depen-
dent manner (A). In (B) and (C), concentration-response relation-
ship of spermine and putrescine are summarized. Relative con-
tractions at various concentrations of spermine and putrescine
are plotted and fitted by the non-linear regression equation.
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contraction of guinea-pig gastric antral smooth muscle are
summarized. Putrescine also inhibited the spontaneous con-
traction, and the inhibitory effect was reversible. The sponta-
neous contractions were reduced to 97±1.3, 82±5.5, 64±
9.5, 46±0.9, 3±1.0, and 2±1.0% of the control at 1, 2,
5, 10, 20, and 30 mM putrescine, respectively (n=5, 4, 4, 6,
7, and 5, respectively), and IC50 for inhibition of contraction
was 9.7 mM (Fig. 2C). 
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Fig. 4. Inhibitory effect of spermine on acetylchole (ACh)-induced contraction through modulation of VDCC. (A) 10  M ACh produces
transient initial and tonic contraction which is superimposed by phasic contraction in a reversible manner. ACh-induced contraction are
summarized in (B). ACh-induced phasic contraction is inhibited by nicardipine 2  M in (C). Pannel (D) shows summarized data of all tis-
sues tested. Effect of spermine on ACh-induced phasic contraction was also studied. Spermine (2 mM) inhibited ACh-induced phasic
contraction in (E). And (F) shows summarized data of all tissues tested. 
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Fig. 3. Relationship between polyamines-induced relaxation and Ca
2+ influx through VDCC. High K
+ solution (50 mM) in the presence of
nerve blockers produced biphasic contraction in guinea-pig gastric smooth muscle. Such high K
+ (50 mM)-induced contraction is reduced
by pretreatment of the cells with 2 mM spermine in (A). Pannel (B) shows summarized data of all tissues tested. In (C), Inhibitory effect of
putrescine (5 mM) on high K
+ (50 mM)-induced contraction is also summarized.
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Inhibitory effects of polyamine on high K
+-induced con-
traction
To verify whether spermine and putrescine reduced the
spontaneous contraction through inhibition of Ca2+ influx,
the effects of spermine and putrescine on high K+ (50 mM)-
induced contraction were studied. High K+ solution (50 mM)
in the presence of nerve blockers produced biphasic contrac-
tion (an initial transient contraction followed by a sustained
tonic contraction), which was reduced to 16±6.4% (n=9)
by pretreatment of the muscle with 2 mM spermine (Fig.
3A, B). As shown in Fig. 3C, high K+-induced contraction
was also reduced to 53±7.1% by pretreatment of the mus-
cle with 5 mM putrescine (n=4). 
Inhibitory effect of spermine on acetylcholine (ACh)-
induced contraction through modulation of VDCCL
As shown in Fig. 4A, ACh (10  M) produced transient
initial and tonic contraction which followed by a sustained
phasic contraction. ACh (10  M)-induced initial, tonic, and
phasic contractions were 1,462±317.2 mN, 561±179.9
mN and 1,138±313.8 mN, respectively (n=20, Fig. 4B).
In Fig. 4C, effect of nicardipine (2  M) on ACh-induced pha-
sic contraction was studied. As shown in Fig. 4C, D, ACh
(10  M) produced phasic contraction and it was completely
inhibited to 2±1.0% of the control by post application of
nicardipine 2  M (n=6). Spermine (2 mM) also inhibited ACh
(10  M)-induced phasic contraction to 5±1.4% of the con-
trol (n=10; Fig. 4E, F). In Fig. 5, repetitive application of
Fig. 5. Inhibition of ACh-induced contraction by spermine in guinea-pig gastric smooth muscle. (A) Repetitive application of ACh (10  M)
in guinea-pig gastric smooth muscle produces contraction. Pretreatment of the muscle with 5 mM spermine reduced ACh-induced initial
contraction and inhibited phasic contraction in a reversible manner. Pannel (B) shows summarized data of all tissues tested.
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placed by 10 mM Ba
2+. IBa is inhibited by the application of spermine in (A) and (B). In (C), effects of polyamines (1 mM) on IBa at 0 mV
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ACh (10  M) produced contraction in guinea-pig gastric
smooth muscle. Pretreatment of the muscle with 5 mM sper-
mine reduced the ACh (10  M)-induced initial and phasic
contractions to 47±8.1 and 1±0.5% of the control, respec-
tively (n=6, repectively; Fig. 5). These findings indicate that
polyamine-induced relaxation is associated with the inhibi-
tion of Ca2+ influx through VDCC.
Effects of polyamines on the voltage activated calcium
channel current (IBa)
Membrane potential was held at -80 mV, and step depo-
larizing pulse to 0 mV for 420 msec was applied to cells at
every 15 sec to record IBa. Extracellular Ca2+ was replaced by
10 mM Ba2+ after whole cell configuration was done. Effects
of spermine on IBa at 0 mV were studied before and after appli-
cation of spermine after the peak level of IBa reached steady
level. Spermine (1 mM) decreased IBa at 0 mV in a reversible
manner, and representative raw current traces are shown in
Fig. 6A. In Fig. 6B, peak values of IBa were plotted as a func-
tion of time during the application of spermine: Reversible
and inhibitory effect of spermine on IBa is shown. In Fig. 6C,
effects of 1 mM each of spermine, spermidine and putrescine
on IBa at 0 mV were studied and compared to each other before
and after the application: Peak amplitude of IBa at 0 mV was
decreased to 46±1.8, 51±5.7, and 81±5.3%, respective-
ly, of the control in a reversible manner. Concentration-res-
ponse relationships of spermine and putrescine on peak value
of IBa at 0 mV were studied, and the result is summarized in
Fig 6D, E: The peak values at 0 mV were significantly dec-
reased to 72±10.8, 58±8.8, 46±1.7, 29±5.7, 7±2.6,
and 0% by 0.1, 0.5, 1, 2, 5, and 10 mM spermine, compared
to the control, respectively (mean±SEM, n=9, 6, 12, 7, 4,
and 5, respectively; p<0.05; IC50=0.8 mM; Fig. 6D). And
peak currents of IBa were significantly decreased to 81±5.3,
56±13, 41±5.4, 6±0.6, and 2±2% of the control at 1,
5, 10, 20, and 30 mM putrescine, respectively (n=9, 5, 5, 5,
and 5, respectively; p<0.05; IC50=8 mM; Fig. 6E). 
Effect of polyamines on current/voltage (I/V ) relationship of
IBa
I/V relationship of IBa was also studied in the absence and
presence of spermine and putrescine. The membrane poten-
tial was held at -80 mV, and 10 mV step depolarization, rang-
ing from -40 mV to +50 mV, was applied to the cell for 420
-40 -20
-120 -100 -80 -60
7 msec
20 mV
0 mV
-80 mV
1 sec
3.75 sec
Inactivation (n=6) Activation (n=6)
-40 -20 0 20 40 60 80
0
0
pA
-200
1.0
0.8
I/Imax
0.6
0.4
0.2
0.0
-400
-600
Control
Spermine 1 mM
20 40 20 0 -20 -40 40 60 80
(mV)
(mV)
Control
Spermine 1 mM
Control
Spermine 1 mM
Control
Putrescine 1 mM
A
C
B
0
-100
-200
-300
-400
-500
(mV)
Control
Putrescine 1 mM
Control
Putrescine 1 mM
-120 -100 -80 -60
7 msec
20 mV
0 mV
-80 mV
1 sec
3.75 sec
Inactivation (n=5) Activation (n=7)
-40 -20 0 20 40 60 80
1.0
0.8
I/Imax
0.6
0.4
0.2
0.0
(mV) D
Fig. 7. Effects of polyamines on I/V relationship and kinetics of IBa in guinea-pig gastric myocytes. In (A) and (B), I/V relationship of IBa by
spermine and putrescine in guinea-pig gastric myocytes are shown. Averaged responses of IBa in the presence and absence of spermine
and putrescine are plotted. (C) and (D) show steady-state activation and inactivation curves for the cells exposed to none and polyamines.
In (C), steady-state activation and inactivation curves for the cells exposed to none (   ,   ) and spermine (   ,   ) are shown. Spermine shift-
ed values of half-activation to rightward (n=5, p<0.05). (D) shows steady-state activation and inactivation curves for the cells exposed to
none (   ,   ) and putrescine (   ,   ). There is no significant difference in values of half-activation and half-inactivation (n=5, p>0.05). 54 Y.C. Kim, J.H. Sim, Y.H. Kim, et al.
ms before and after the application of spermine and putre-
scine. One mM spermine and putrescine were found to dec-
rease IBa at membrane potential range of -20~+50 mV test-
ed (n=5 and 6, respectively; p<0.05). 
Effect of polyamines on steady-state activation and inac-
tivation of IBa
A modified double-pulse protocol was used to measure
the steady-state inactivation of IBa as a function of membrane
potentials. The prepulse potential, ranging from -100 to +20
mV, was applied for a duration of 3.75 sec. Following 7 msec
interpulse interval at a potential of -80 mV, the membrane
potential was raised to a test potential of 0 mV for 1 sec. The
currents were then normalized to the current obtained at -100
mV (I/Imax) and plotted against each prepulse potential. Plot-
ted data were well fitted by a Boltzmann equation, with a
half-inactivation voltage (V0.5) of -31±1.3 mV in the con-
trol and -33±1.5 mV in the spermine treated groups (n=6),
and slope factor ( ) of -11±0.8 in the control and -12±1.5
in the spermine treated cells (n=6; Fig. 7C; p>0.05). Steady-
state activation curves were obtained from the I/V relations
of IBa in the presence and absence of 1 mM spermine, and the
peak conductance at each potential was calculated by using
the following equation: IBa=gBa×(V-Erev) where gBa, V, and
Erev are peak conductance, test potential and observed rever-
sal potential, respectively. The values of half-activation were
-9±0.5 mV and -6±0.6 mV (n=6; Fig. 4c; p<0.05) with
slope factors ( ) of 5±0.2 and 5±0.1 in the control and
spermine treated groups, respectively (n=6; Fig. 7C; p>0.05).
In the case of putrescine (1 mM), it did not show any signif-
icant effect on kinetics of IBa, such as steady state activation
and inactivation kinetics, in guinea-pig gastric myocytes (n=
5, p>0.05; Fig. 7D).
DISCUSSION
In this study: 1) spermine and putrescine produced relax-
ation and inhibited high K+ (50 mM)- and ACh (10  M)-
induced contractions, and 2) spermine-induced inhibition
of contraction was mediated by inhibition of VDCCL as can
be seen in its rightward shifting of half-activation values in
guinea-pig gastric myocytes.
Relaxation effect of polyamines has been reported in sev-
eral smooth muscles, including uterus, trachea and ileum
(10, 11, 20). In guinea-pig ileum, spermine and spermidine
decreased the [Ca2+]i and caused relaxation by a mechanism
that has been shown to involve the inhibition of the current
through VDCCL in whole-cell voltage clamp experiment (20).
In this study, we also found the inhibitory effect of polyamines
on spontaneous contractions in guinea-pig gastric smooth
muscles (Fig. 2). As seen in Fig. 2, spermine and putrescine
produced relaxation of the smooth muscle in a concentration-
dependent and reversible manner. And spermidine also reduc-
ed spontaneous contractions in a concentration dependent
manner (n=4, IC50=1.1 mM; data not shown). Furthermore,
high K+ (50 mM)-induced contractions were inhibited to
16% (n=9) and 53% (n=4) of the control by pretreatment
of the muscle with spermine (2 mM) and putrescine (5 mM),
respectively (Fig. 3). Post-application of spermine and put-
rescine also showed similar inhibitory effect on high K+ (50
mM)-induced contractions (n=4, data not shown), and 1 mM
spermidine also suppressed high K+ (50 mM)-induced con-
tractions to 28±4% of the control (data not shown, n=4).
Since high K+ condition is known to produce contraction via
membrane depolarization which is associated with activation
of VDCCL, the inhibition of VDCCL seemed most probable
underlying mechanism of relaxation by polyamines in guinea-
pig gastric smooth muscle. In addition, ACh (10  M)-induced
contractions was also inhibited by spermine. Spermine decre-
ased ACh (10  M)-induced initial transient and later phasic
contraction to 47% and 1% of the control, respectively. ACh-
induced initial transient and post-phasic response were report-
ed responsible for InsP3-induced Ca2+ release (IICR) and Ca2+
influx through VDCCL in GI smooth muscle, respectively
(24). Taken together it is suggested that polyamines have an
inhibitory effect by inhibiting VDCCL. In the experiment
about inhibitory effect of spermine on ACh-induced initial
contraction, the inhibition of IICR seemed to be underlying
mechanism (8). Meanwhile, 1 and 2 mM putrescine were
found to decrease spontaneous contraction to 82% and 81%
of the control, respectively (Fig. 2C, 6C, E, 7B). The potency
for the inhibition of high K+-induced contractions in guinea-
pig gastric smooth muscle was much higher than that of rat
uterus (IC50=13.7). 
With the above backgrounds, we investigated the effect
of polyamines on VDCC of guinea-pig gastric myocytes. As
shown in Fig. 6A, B, spermine significantly inhibited IBa in
a concentration-dependent and reversible manner, and this
inhibitory effect of spermine was maintained over the whole
range of I/V relationship (Fig. 7A). These findings are the
same results as those observed in intestinal smooth muscle
of guinea-pig: Gomez and Hellstrand (14) reported that IBa
in guinea-pig intestinal smooth muscle was inhibited by sper-
mine in a reversible manner (IC50=0.8 mM). In guinea-pig
taenia coli, the relaxing effect of polyamines was associated
with decreased intracellular free Ca2+ resulting from the inhi-
bition of Ca2+ influx (12). Therefore, polyamines seem to
inhibit Ca2+ conductance through VDCC, hence inhibiting
contractions of GI tract.
The effect of polyamines on steady-state activation and inac-
tivation curve of IBa is shown in Fig. 7C, D. As shown in Fig.
7C, spermine significantly shifted half-activation values to
the right (Fig. 3B, p<0.05). In contrast, putrescine inhibited
IBa in guinea-pig gastric myocytes without affecting steady-
state activation and inactivation curves (Fig. 7D). Since pol-
yamines are positively charged molecules, screening by polya-Effect of Polyamines on Guinea-Pig Stomach 55
mines of the cell membrane charge, which affects the gating
properties of ionic channels, should be considered (42). How-
ever, several points are against this possibility. Reversal poten-
tials of IBa in I/V relationship were not changed by polya-
mines. And inhibitory effects of polyamines were rapid and
completely reversible. Therefore, nonspecific charge-screen-
ing effects are unlikely to be responsible for the inhibition
of IBa. In the case of guinea-pig intestinal smooth muscle,
VDCCL was inhibited without affecting kinetics (14, 20).
Therefore, inhibitory mechanisms of VDCCL by polyamines
in gastric smooth muscle seem to be different from that of
intestinal smooth muscle.
As shown in Fig. 2C, 3C, putrescine inhibited spontaneous
contraction and high K+ (50 mM)-induced contractions in
guinea-pig gastric smooth muscle. And 1 mM putrescine
also decreased IBa by 19% of the control in a reversible man-
ner (Fig. 6C, E, 7B). However, Gomez and Hellstrand (14)
could not observe any inhibitory effect of 1 mM putrescine
on IBa in guinea-pig intestinal smooth muscle. Generally, sper-
mine and spermidine have been known to inhibit contrac-
tile activities in smooth muscle (11, 12, 15, 34). However,
the contractile effects of putrescine remain rather controver-
sial; some report a slight inhibition and/or potentiation, and
others report no significant effects (12, 15, 19). To our best
knowledge, this study is the first report showing that putrescine
inhibits contraction and IBa in GI smooth muscle. From these
findings it is likely that polyamines have different roles even
within GI tract, and their regulation of GI motilities is depen-
dent on the type of tissues. Unfortunately, however, we do
not know the reasons of why larger polyamine such as sper-
mine inhibits VDCCL and contraction more effectively in
guinea-pig gastric smooth muscle, whereas smaller polyamine
like putrescine is ineffective in regulating contraction and
IBa in small intestine and colon. Schoemaker (35) suggested
different binding affinity of polyamines on VDCCL in rat
brain: Binding affinity of polyamines on VDCCL might be
different, depending on the types of polyamines and tissues.
Since polyamines are synthesized inside the cell, the sites
of action of these substances under physiological conditions
are regarded to be mainly intracellular side (36). Taenia coli
contains about 160 nM of spermine per g of tissue, which
corresponds to an intracellular concentration of about 0.2
mM/L. Estimated intracellular concentrations of polyamines
in guinea-pig intestinal cells are reported in these ranges (8).
However, distribution of spermine inside the smooth muscle
cell is most likely not even, but rather concentrated in sub-
cellular structures such as membrane, where the concentra-
tion would be much higher (13). In this study, we applied
various concentrations of polyamines to the outside of the
membrane in guinea-pig gastric smooth muscle, and observed
relaxation of muscle and inhibition of IBa, which was similar
to the results by others. As seen in Fig. 2C, 6E, the effect of
extracellular application of polyamines on the contraction
and IBa was rapid and reversible, suggesting that the com-
pound does not necessarily have to enter inside the cell to
block channel activity, although an intracellular site of the
action might exist as well. In fact, there are also reports that
polyamines may act on both inside and outside of the mem-
brane (19, 20). 
In summary, this study provides evidences that polyamines
decreased IBa in concentration-dependent manner and also
induced relaxation in guinea-pig gastric smooth muscle.
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